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FOREWORD 
This document "Chesapeake Bay Benthic Community Restoration Goals" was prepared by 
Versar Inc., for Mr. Rich Batiuk of the Chesapeake Bay Program Office, United States 
Environmental Protection Agency under Contract Number 68-D9-0166 and Dr. Paul Miller 
of the Chesapeake Bay Research and Monitoring Division, Tidewater Administration, 
Maryland Department of Natural Resources under Contract Number CB92-006-004 by the 
Maryland Governor's Council on Chesapeake Bay Research Fund. The purpose of the report 
is to develop restoration goals for Chesapeake Bay benthic infauna! communities. 
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EXECUTIVE SUMMARY 
Benthic macroinvertebrate assemblages have been an integral part of the Chesapeake Bay 
monitoring program since its inception due to their ecological importance and their value as 
biological indicators. The condition of benthic assemblages reflects an integration of 
temporally variable environmental conditions and the effects of multiple types of 
environmental stresses. As such, benthic assemblages provide a useful complement to more 
temporally variable chemical and water quality monitoring measures. 
While assessments using benthic monitoring data have been useful for characterizing changes 
in environmental conditions at individual sites over time, and for relating the condition of 
sites to pollution loadings and sources, the full potential of these assessments for addressing 
larger management questions, such as "What is the overall condition of the Bay?" or "How 
does the condition of various tributaries compare?" has not yet been realized. Regional-scale 
assessments of ecological status and trends using benthic assemblages are limited by the fact 
that benthic assemblages are strongly influenced by naturally varying habitat elements, such 
as salinity, sediment type, and depth. Such natural variability confounds interpretation of 
differences in the benthic community differences as simple responses to anthropogenic 
environmental perturbations. An additional limitation is that different sampling 
methodologies used in various programs often constrain the extent to which the benthic data 
can be integrated for a unified assessment. 
The objective of this project was to develop a practical and conceptually sound framework 
for assessing benthic environmental conditions in Chesapeake Bay that would address the 
general constraints and limitations just described. This was accomplished by standardizing 
benthic data from several different monitoring programs to allow their integration into a 
single, coherent data base. From that data base a set of measures (Chesapeake Bay Benthic 
Restoration Goals) was developed to describe characteristics of benthic assemblages expected 
at sites having little evidence of environmental stress or disturbance. Using these goals, 
benthic data from any part of the Bay could be compared to determine whether conditions at 
that site met, were above, or were below expectations defined for reference sites in similar 
habitats. 
The approach used to develop these restoration goals was similar to that used by Karr et al. 
(1986) to develop an index of biological integrity for freshwater fish. A set of candidate 
attributes believed to have properties that differentiate high and low quality assemblages were 
first identified, and reference sites believed to be "minimally impacted" were designated. 
Properties of the biotic assemblages at these sites were then compared to assemblage 
properties at all other sites. Properties that differed significantly between these two groups 
of sites were selected as metrics to be included in the restoration goals. An index was 
developed to assist managers in identifying the extent to which these restoration goals were 
being achieved. The Restoration Goals Index (RGI) is calculated as the average score of 
metrics, after each metric is scored as 5, 3, or 1, depending on whether its value at an 
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individual site approximated, deviated slightly, or deviated strongly from its value at the best 
reference sites. 
The restoration goals were developed based on available data from seven benthic survey 
projects: the Maryland and Virginia Chesapeake Bay Benthic Monitoring Programs, U.S. 
EPA's Environmental Monitoring and Assessment Program (1990), the Maryland and 
Virginia Biogenics studies, a James River study, and a study in the Wolf Trap area of the 
Virginia Bay. These seven projects were selected for several reasons: each provided data 
readily available on electronic media; collectively they provided sample representation in all 
salinity habitats of Chesapeake Bay; and all used a 0.5 mm sieve in sample processing, 
which was a critical aspect of the stud!y, since the numbers and types of organisms collected 
depend on the mesh size used to sieve the sediment. 
The attributes incorporated into the restoration goals included metrics from each of the 
following five categories: 
• benthic biodiversity measures
• measures of assemblage abundance and biomass
• life history strategy measures
• measures of activity beneath the sediment surface
• feeding guild measures
Restoration goals were developed independently for eight habitat classes defined by salinity 
and sediment type to ensure that natural differences in benthic communities related to these 
habitat factors did not confound interpretation of the indices. The eight habitat classes were 
determined by cluster analysis of the composite data set. 
Restoration goals were developed using data from only the summer period, July 15th through 
September 30th. This restriction avoided seasonal variation that would confound 
interpretation of benthic community responses to environmental degradation. The summer 
sampling period was common to six of the seven benthic survey projects. Using data from a 
different season would have reduced the data available because the various programs differed 
substantially in the extent of sampling during other seasons of the year. An index developed 
for summer was desirable because benthic communities are expected to show the greatest 
response to pollution stress during the :summer. 
Three approaches were used to validate: the goals and the accompanying index. First, the 
Restoration Goal Index was computed for all samples taken from each reference site to test 
whether expectations of RGI values gre:ater than three were met. This test indicated a high 
degree of correct classification; classification efficiency was more than 95 % in five of the 
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seven habitat classes. The lowest correct classification efficiency for reference sites was 
92.3% in the high mesohaline mud habitat class. Second, RGI values were computed for all 
samples taken from degraded habitats to test whether expectations of RGI values less than 
three were met. This test used data that had been excluded from development of the RGI; 
therefore, it was an independent validation test. A high level of classification efficiency was 
observed in this test; classification efficiency was 85 % or better for degraded sites in five of 
the six habitat classes in which data from degraded sites were available. The one habitat 
class that did not validate as well was tidal freshwater. For the third validation test, sites 
that were sampled more than once during the summer of any year were identified, and the 
RGI was computed for each visit. RGI values at each site were evaluated for differences in 
status between visits within each year to ascertain the stability of the index. Instability of the 
index would indicate an unacceptable signal-to-noise ratio in the attributes. The results 
indicated that the RGI index was relatively stable. The correlation between RGI values for 
the first and second visits exceeded 80% for all habitats. 
The validation results indicate that these preliminary restoration goals are effective for 
distinguishing between sites of high quality and those of lower quality in six of the seven 
habitats for which data were available for goal development. The only habitat class for 
which the restoration goals did not validate well was tidal freshwater. Although restoration 
goals validated well, additional analysis and development of goals appears to be appropriate 
before the goals are applied rigorously for environmental management purposes. Steps for 
further goal development are recommended. 
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